Objective: Letrozole is a highly potent oral nonsteroidal aromatase inhibitor triazole derivative. The aim of this study was to quantify letrozole from bulk, pharmaceutical formulation, and spiked urine samples by developing a simple, rapid and cost effective capillary electrophoresis method. Methods: A capillary zone electrophoresis method was optimized and validated. Additionally, an UV spectrophotometry method was used for comparing results. Results:The capillary zone electrophoresis method using a 90 mM sodium tetraborate background electrolyte proved to be an efficient method for determination of letrozole in a very short time, less than 2 minutes, using 20 kV voltage, 50 mbar/2 seconds pressure and 50°C temperature as optimum parameters. Additionally, the UV spectrophotometry method proved to be simple and efficient to quantify letrozole from bulk material and pharmaceutical formulation with linearity of response between 5 to 20 µg·mL -1 concentrations. For both methods, validation parameters, including linearity, detection and quantification limits were determined. Also we proved that our electrophoretic method has potential in analyzing letrozole from biological samples, obtaining encouraging results on estimation of letrozole from spiked urine samples without any special treatment. Conclusions: To quantify letrozole from bulk material, pharmaceutical preparations, and spiked urine samples the capillary zone electrophoresis method using a tetraborate sodium background electrolyte has proven to be simple and appropriate. Also a simple UV spectrophotometric method has been developed and validated for the same purposes.
Introduction
Letrozole (LET) is a nonsteroidal triazole derivative ( Figure 1 ) classified as a highly potent and selective aromatase inhibitors [1] from the third generation. LET inhibits aromatase enzyme which catalyzes the synthesis of estrogens from the androgen precursors. Aromatase expression occurs in many organs, including ovary, placenta, hypothalamus, liver, muscle, adipose tissue, and breast cancer itself. Aromatase catalyzes three separate steroid hydroxylation's which are involved in the conversion of androstenedione (an androgenic precursor) to estrone and testosterone (estrogenic hormones) to estradiol [2] [3] [4] . LET offer new treatment options for breast cancer [5] . Unfortunately, LET is also used by doped athletes as post cycle therapy in order to promote restoration of hypothalamic-pituitary-testicular axis integrity [6] . A topical issue has emerged with the manufacture of "counterfeit" drugs by unregulated on-line pharmacies, which are tainted with impurities, contain no medication, or are potentially harmful [7] .
Biotransformation of LET. LET is completely absorbed from the gastrointestinal tract. The biotransformation occurs by cytochrome P-450 isozymes (CYP2A6 and CY-P3A4) into carbinol ( Figure 2 ), an inactive metabolite [8] [9] [10] . CYP2A6 isozyme seems to be the principal clearance mechanism for LETin vivo [11] .
LET is excreted into urine, approximately 70% of the administered dose is eliminated as unchanged LET (6.0 ± 3.8%) or as the glucuronide of the major, pharmacologically inactive metabolite carbinole (CGP44645) (64.2 ± 22.7%) [13, 14] . Similar data has been previously obtained at the administation of a single dose of letrozole (2.5 mg) with 14C-labeled within two weeks when the recovered radioactivity from urine was 88.2 ± 7.6% (5.0 ± 2.4% unmetabolized letrozole, 63.2 ± 11.2% carbinole glucuronide and about 8% other metabolites) [15] . A few capillary electrophoretic (CE) methods for LET determination have been already reported in the literature, mainly micellar electrokinetic capillary chromatographic (MEKC) [16] [17] [18] [19] . The electrophoretic methods are more advantageous through accessibility than other expensive analytical methods as HPLC and RP-HPLC, LC-MS/MS or SPE-UPLC-MS/MS [20] [21] [22] [23] [24] . For determination of LET in bulk and pharmaceutical formulations spectrophotometric method are also frequently used [25] [26] [27] .
The aim of the present study was to develop and validate two simple methods for the determination of LET from bulk materials, pharmaceutical products, and biological samples by capillary zone electrophoresis (CZE) and UV spectrophotometry.
Experimental

Analytical instruments.
The CE experiments were performed on an Agilent 6100 CE system equipped with diode-array detector and results were processed with Chemstation 7.01 software (Agilent). All experiments were performed using a hydrodynamic sample injection. Uncoated fused-silica capillaries of 32.5 x 50 µm I.D (effective length 24,5 cm) (Agilent) was used. An Analytik Jena UV-VIS Specord 210 spectrophotometer and WinASPECT software were used for recording UV spectra. The pH adjustments were performed using a Hanna Instruments HI2215 pH-meter. The spiked urine samples was centrifuged in a Centurion Scientific Ltd. Centrifuge.
Chemicals and reagents. LET was supplied by Sigma Aldrich and ciprofloxacin hydrochloride (CIP) (used as internal standard) by Ranbaxy Laboratories Limited. Pharmaceutical product Letrozole 2.5 mg (tablets) were supplied from Teva. All chemicals and solvents were of analytical reagent grade. The deionized water was obtained using a Millipore Direct-Q TM system.
Standard stock solution preparation.The LET stock solution was prepared daily at a 1 mg mL -1 concentration in methanol, treated in an ultrasonic bath for 10 min at room temperature and stored in the refrigerator at +4°C, and diluted to an appropriate concentration with methanol.
Biological samples treatment. Fresh human urine samples were acquired from different healthy volunteers. The urine samples were spiked with LET stock solution, centrifuged (4800 rpm, 10 minutes) and the supernatant was filtrated (0.45 µm Whatman filter). The percentage of solvent (methanol) was identically for all spiked urine samples as the the ratio solvent:urine (1:4).
Methods
Nowadays, the CZE method is sometimes more attractive comparative to the more frequently used HPLC methods. The main advantages of CZE are: rapid method development, speed of analysis, and relatively low costs derived from the low required amount of sample and reagents [20] . Also, to compare the results we developed a simple and reliable UV spectrophotometry method appliable to estimate the amount of LET in pharmaceutical formulations.
Results and discussion
A. Capillary zone electrophoresis
The detection was carried out in UV at 240 nm, in accordance with our recorded UV absorption spectra of LET and data previously reported in literature [25] [26] [27] [28] . In CZE capillary preconditioning is necessary for removing adsorbed material from the capillary wall [29] . At the be- ginning of each day of experiments the capillary was conditioned with 1M NaOH (30 min), deionized water (5 min) and BGE (30 min) than at the beginning of each experiment was preconditioned with water (1 min) and BGE (2 min). The preconditioning before experiments is very important because capillary surface is re-equilibrated by rinsing with BGE [33] .
Preliminary considerations. Regarding the pKa value of LET there are no published studies in the literature. It was found only a calculated pKa value 2.17 (strongest basic) via ChemAxon database [30] . By using MarvinSketch 17.1.2 (ChemAxon) [31] it was found that pKa of LET is 1.89. LET can accept protons at the nitrogen atoms of the triazole ring. Thus, major microspecies in the range of pH 5 -13 are neutral (100%). It is already known that for conventional CZE method, phosphate and borate buffers can be considered suitable because of their low absorbance at the detection wavelength [32] . Initially, we choose to start with a 25 mM phosphate buffer, an acidic background electrolyte (BGE), but the electrophoretic signal of the substance was difficult to detect (low value of area and height). A standard BGE containing 25 mM borax (pH 9.3) was than selected, taking in consideration also previous electrophoretic studies, however the disadvantage in a basic environment was that LET migrated very close to the electroosmotic flow (EOF) [16] [17] [18] [19] . Adding sodium dodecyl sulfate (SDS) in the 25 mM borax BGE did not resolved the problem.
Optimization of CZE method. To increase the method performance the external parameters such as BGE characteristics (BGE concentration and pH) and specific internal capillary electrophoretic system parameters (temperature, injection time, applied voltage, and pressure) were analysed and optimezed in order to improve separation (Figure 3 ) [33] .
Effect of the Ionic Strength of BGE. Generally, the BGE concentration change the electrophoretic behavior of the analytes by influencing the selectivity of separation and EOF velocity [32] . The effect of BGE concentration was studied between10 mM to 100 mM. The increase of the BGE concentration lead to an increase of LET migration times, due to a decrease of EOF with the increase in ionic strength. The 90 mM concentration was set as optimum (best height, area and peak symmetry); the use of BGE with high concentration is limited by the generation of high currents which leads to instability of the electrophoretic system.
Effect of the pH of BGE. In order to obtain an adequate peak the variation of pH was analyzed on a pH interval between 8.7 -10.32 by adding small amounts of 1M NaOH and 1M boric acid in BGE. The LET migration times increased with pH values. At higher pH values the registered peaks were very broad. In consequence, the optimum pH of BGE was set at value 9.36.
Effect of Voltage. The migration times decreased with the increase of voltage so that we set the optimum value at 20 kV to obtain good peak shapes and amplitudes.
Effect of Temperature. Regarding the influence of temperature on LET migration times slightly decreased with the increase of cassette temperature, the limiting factors being the BGE viscosity and the Joule heating which are directly connected with temperature.The temperature was selected at 50°C for best shape and high value of the LET peak.
Effect of Injection Pressure and Time. Hydrodynamic injection mode because is more precise and robust than electrokinetic injection. In general, analysts prefer hydrodynamic to electrokinetic injection, especially when analyzing biological matrices (e.g. plasma or urine) with varying composition and conductivity [29] .
Injection pressure and time modify the migration time of the analyes, but we have noticed that these parameters have influence on the shape of the peaks. Thus, a high injection pressure (50 mbar) and a short injection time (2 s) were preferred in order to avoid peak splitting or broadening.
It was established that LET can be determinate in a very short time, less than 2 minutes (Figure 4) . To obtain the best peak shapes with the shortest analysis time, 90 mM borax, 20 kV voltage, 50 0 C, 50 mbar pressure, 2 seconds injection time and 50 °C were set as optimum parameters.
CZE method validation.The method was validated and validation parameters were calculated (Table I ). The selected internal standard was CIP, a stable compound with a good signal on sodium borate BGE, which migrates after LET and EOF [34] .
Specificity. LET could be quantified from tablets without any interference with other present components.
Linearity. The linearity response for LET was assessed in the range 5 -875 µg mL -1 . The linear regression equations were calculated using six concentration levels and three replicates per concentration. Correlation was over 0.99, which demonstrates a good linearity of the method. LOD and LOQ parameters were calculated by using the signalto-noise ratio 3:1 and 10:1, respectively.
Precision.The repeatability of migration time and peak area measurement was performed by six replicate injections containing 62.5µg·mL -1 of LET, three consecutive days.
These results prove that our developed CZE method can be applied for identification and quantitative determination of LET from bulk materials. Until now, on a base of detailed literature survey, it was found that LET could be estimated along with other compounds only by MEKC [16] [17] [18] [19] .
Determination of LET in tablets. A total of 20 tablets were weighed and powdered. An equivalent of about 10 mg LET was weighed accurately and transferred into a 100 mL volumetric flask with 50 mL methanol. After 30 minutes ultrasonic vibration, the mixture was diluted to volume with methanol and then filtrated. A concentration of 100 µg·mL -1 of LET was set. The amount of LET from pharmaceutical tablets and standard deviation (SD) were calculated using linear regression equation of the standard curve (Table I ) [26] . The recovery (%) from pharmaceutical formulation was 99.63 ± 1.51 (average of three replicates). Therefore our method has potential to be successfully used to determine LET from counterfeit drugs. Determination of LET from spiked urine samples. Analytical performance of our CZE method was evaluated on spiked urine from healthy volunteers.
Specificity. LET could be quantified from spiked urine samples without any interference with other present urine components ( Figure 5) .
Linearity and detection limits. The linearity response and detection limits for spiked with LET urine samples are presented in Table II .
The linear regression equations were calculated using six concentration levels and three replicates per concentration. Correlation was over 0.99, which demonstrates a very good linearity of the method.
Precision. The precision of our CZE method was investigated in repeatability and intermediate precision terms for migration times and peak areas of LET in spiked urine samples (Table II) .
Regarding determination of LET our result was satisfactory as respect to selectivity and had a short migration time.
Our validated CZE method is therefore simple but also reliable, with the potential of being used to determinate LET in bulk material, pharmaceutical formulations, counterfeit medicines and urine samples.
B. UV spectrophotometry method
The UV spectra of samples were recorded in methanol in according with data previously reported from literature [25] [26] [27] [28] .
Determination of λ max (nm).
A 10µg·mL -1 concentration was prepared from II stock solution by dilution with methanol. This solution was then scanned at wavelength of 190 to 500 nm against blank (methanol). The λ max was found to be at 240 nm. Hence this was considered as absorption maxima which was then used for the calibration curve.
Preparation of standard stock solution I Stock solution. LET standard solution was prepared by dissolving 10 mg of LET in 10 mL methanol (1mg·mL -1 concentration).
II Stock solution. From I stock solution 1 mL solution was taken and then diluted up 10 mL with the same solvent in a volumetric flask (100 µg·mL -1 concentration).
Linearity study. From II stock solution aliquots were prepared in the range of 5 -20 µg·mL -1 .The absorbances were measured at 240 nm and used for the linearity calibration plot (Table III) . Our experimental detection limits were set between 1 and 30 µg·mL -1 .
Intra-day and inter-day precision study. Aliquots of II stock solution were taken and respectively diluted to obtain three concentrations of 7.0, 10.0 and 13 µg·mL -1 , respectively. Triplicate absorbance measurements of each sample were registered and the mean, SD and RSD calculated. The selected concentrations for intra-day precision study were again analyzed the following 2 days and the standard deviation (SD) and relative standard deviation (RSD) were calculated ( Table III) .
Determination of LET in tablets
For the determination of LET from commercial preparation we prepare the samples similar to previous CZE method [26] . The recovery (%) from pharmaceutical formulation Letrozol was 97.8 ± 0.098 (average of three replicates).
Conclusions
CZE was proven to be a simple, rapid and appropriate method to quantify LET from bulk material, pharmaceutical preparations and spiked urine samples. The analytical parameters were optimized to achieve the determination of LET in a very short time analysis using a 90mM borax BGE. Validation parameters were also determined, linearity, LOD, LOQ, inter-day and intra-day precision. Also for comparing results a simple, rapid and sensible UV spectrophotometric method for determination of LET in bulk material and pharmaceutical dosage form has been developed and validated. Our methods could be useful in analyzing LET in the pharmaceutical industry, clinical studies and have potential in identifying counterfeit products marketed on-line used by athletes that doping. 
